This study was conducted to compare the survival rate and the influencing factors between women and men following ST-elevation myocardial infarction (STEMI) treated with primary percutaneous coronary intervention (PCI).
Introduction
Gender difference has been observed in several diseases in terms of their prevalence and outcomes. Among such diseases, coronary artery disease has been reported to present a delayed onset for 10 years in women, with increased mortality and morbidity rates after acute coronary events compared with the rates among their comparators in many countries. [1] There is extensive evidence delineating the relationship of gender difference in acute coronary syndrome (ACS). [2, 3] However, after adjusting for confounding factors, the gender difference ceased to exist. In general, studies on outcomes have reported higher crude mortality rates in women after ACS, which have been primarily explained by differences in age, management, and comorbidities between men and women. In addition, these studies have identified an age-sex interaction, wherein older age women have a particularly high risk of mortality after ACS even after adjusting for other risk factors. [4] [5] [6] Limited data from the world have also demonstrated that women have worse outcomes after ACS treated with primary percutaneous coronary intervention (PCI) [7, 8] ; however, to our knowledge, there have been no such reports from Asia. Therefore, we conducted this study to compare the short-term major cardiovascular outcomes and determine the influencing factors between men and women after ST-elevation myocardial infarction (STEMI) treated with primary PCI.
Materials and methods

Study participants
An ACS Full Spectrum Registry was conducted by the Taiwan Society of Cardiology and implemented between October 2008 and January 2010. A total of 39 tertiary hospitals were included in this registry, all of which have the availability of on-site thrombolytic therapy and on-site cardiac catheterization facility. Details regarding patient recruitment, definition of ACS, and inclusion and exclusion criteria have been previously described. [9] 2.2. Study design It was mandatory for each hospital to provide data on demographics, clinical characteristics, comorbid conditions, clinical presentations, medical and therapeutic information, and complications or outcomes. Patient details regarding medical interventions and clinical events such as death, myocardial infarction, stroke, and rehospitalization after their discharge were collected and were followed up for 1-year at 3-month intervals through clinical visits. Data collected in this study were entered into a standardized report form, and source documentation and accuracy were monitored in 5% of all case report forms at each recruiting site. The study protocol was approved by the ethics committee of the Sin-Lau Hospital (SL-2012-18) and was performed in accordance with the local regulatory guidelines and the international guidelines for good clinical practice. [10] All the patients provided an informed consent, although it can be waived if they were not willing.
Cardiovascular outcomes
The endpoint of this study was to assess major adverse cardiac events (MACE) during hospitalization and 1 year after discharge, a composite of all-cause death, myocardial reinfarction, and an ischemic stroke.
Statistical analysis
Continuous variables were summarized as mean values and standard deviations, whereas categorical variables were summarized as numbers and percentages. Student t test was used for comparing continuous variables and Chi-square test was used for comparing categorical variables between males and females. Non-normally distributed continuous variables were summarized using median and interquartile range and were analyzed using the Mann-Whitney test. The association between in-hospital or 1-year outcome and gender after adjusting for various confounders (age, body mass index, diabetes, current smoking status, dyslipidemia, and hypertension) was analyzed using multivariable logistic regression. Finally, time-to-event comparisons among the 2 groups were performed using Kaplan-Meier survival curve analysis. A P value of < .05 was considered as statistically significant. SAS software version 9.2 (SAS Institute Inc., Cary, NC) was used for performing all statistical analyses.
Results
Study participants
Baseline characteristics of the enrolled patients are depicted in Table 1 . A total of 1621 patients, including 1350 men and 271 women, were recruited in this study. Mean age of the patients was 62 years, with female patients being 9 years older than male patients (P < .001). Female patients also had significantly lower body weight, shorter body height, and lower body mass index than those of male patients. Analysis of disease severity in terms of STEMI presentation revealed that female patients had a higher incidence of Killip III/IV class than that of male patients (27.7% vs 17.2%, P < .001). Female patients also had a significantly higher prevalence of hypertension and diabetes mellitus but a lower prevalence of current smoking status. Both genders showed equal prevalence of coronary heart disease, peripheral artery occlusive disease, and cerebrovascular attack.
Evaluation and diagnostic procedure in emergent department
During presentation in the emergency room, female patients showed a significantly lower diastolic blood pressure. Male patients comprised a significantly higher proportion than female patients in undergoing the first electrocardiogram (ECG) within 10 minutes (57.4% vs 48.8%, P = .013). No statistical difference was observed between men and women in terms of culprit arteries, severity of TIMI flow in the culprit arteries, and left ventricular (LV) systolic function ( Table 2 ). Table 3 summarizes the details of comparison of reperfusion therapy in patients with STEMI between the 2 genders. The probability of undergoing primary PCI was higher among both genders, although female patients comprised a significantly lower proportion than that of male patients in this context (95.2% Table 1 Baseline characteristics of patients enrolled in the registry. BMI = body mass index; CHD = coronary heart disease; CVA = cerebrovascular attack; PAOD = peripheral artery occlusive disease; SD = standard deviation.
Reperfusion in STEMI patients
Chou et al. Medicine (2018) 97:43 Medicine vs 98.2%, P = .014). Female patients had a longer door-toballoon time than that of male patients (103 vs 92 minutes, P = .049). Guideline-derived door-to-balloon time was less among female patients within 60 or 90 minutes compared with that in male patients (18.6% vs 25.9%, P = .029; 43.8% vs 49.4%, P = .148, respectively).
Pharmacological management of STEMI for acute use and at discharge
No significant gender differences were observed in medication for acute use (within the first 24 hours of admission) of aspirin, clopidogrel, GP IIb/IIIa inhibitors, heparin, beta-blockers, angiotensin-converting enzyme inhibitors (ACEIs), and angiotensin receptor blockers (ARBs). The proportion of acute use of statins was significantly less in women than that in men (45.5% vs 52.5%, P = .030). Furthermore, compared with male patients, female patients received significantly less medications at discharge such as clopidogrel (88.7% vs 79.0%, P = .000), aspirin + clopidogrel (81.7% vs 74.1%, P = .003), betablockers (57.2% vs 50.0%, P = .027), statins (64.2% vs 55.2%, P = .004), and ACEIs/ARBs (68.6% vs 61.7%, P = .006) ( Table 4) .
3.5. In-hospital and 1-year cardiovascular outcomes Table 5 summarizes the details of in-hospital and 1-year followup cardiovascular outcomes. There was no significant difference in composite endpoints (males 2.5% vs females 5.5%, P = .07); however, compared with male patients, females had significantly higher rates of total mortality (1.7% vs 4.1%, P = .004) and cardiac mortality (1.4% vs 3.1%, P = .027) among the in-hospital cardiovascular outcomes. No difference was observed between both genders in terms of TIMI major or minor bleeding, new onset of cardiogenic shock, ventricular arrhythmia, atrial fibrillation, and acute renal failure. After STEMI, a lower mortality rate that persisted till 1 year was observed in male patients [hazard ratio: 0.36%, 95% confidence interval (95% CI): 0.23-0.55] (Fig. 1) . The gender difference in terms of in-hospital and 1-year cardiac mortality after STEMI was still existent; however, after adjusting for sex and age (model 1) or by age, sex, and other cardiovascular risk factors (model 2), the difference became nonsignificant (Table 6 ).
Discussion
From this study, we found that gender disparities exist in terms of age, comorbidities, medication management, primary PCI, and DBP = diastolic blood pressure; ECG = electrocardiogram; HR = heart rate; LAD = left anterior descending; LCx = left circumflex; LM = left main; RCA = right coronary artery; SBP = systolic pressure; SD = standard deviation; TIMI = thrombolysis in myocardial infarction. in-hospital and 1-year mortality rates among patients with STEMI. However, after adjusting for age and cardiovascular risk factors, there was no gender difference in the in-hospital and 1-year mortality rates among patients with STEMI. This study on the role of gender in patients with STEMI treated with primary PCI in Taiwan has demonstrated inconsistent results compared with those of previous studies. [4, 5, [11] [12] [13] [14] Female patients with STEMI were older and had a higher prevalence of hypertension and diabetes mellitus than those of male patients, which is consistent with the results of previous studies [15] [16] [17] [18] and might also explain the poorer prognosis. The time to first ECG at the emergency department was longer among women, which might delay receiving appropriate treatment for STEMI. A possible delay for performing ECG in women could be attributed to a lack of STEMI symptoms and atypical angina presentation when symptoms occur. [15] Our data also revealed a significant underutilization of dual antiplatelet therapy and statins when women are discharged from the hospital. These results are in accordance with previous studies that found a consistent lower utilization rate of medications in women. [15, 19] A study based on a large Canadian registry found that women had lower chances of receiving lipid-lowering agents, even after adjustment for all relevant variables. [20] Moreover, similar results with lower rates of treatment with aspirin and statins were reported in a study based on the American College of Cardiology-National Cardiovascular Data Registry. [21] Underutilization of antiplatelet therapy could be justified by higher rates of nonobstructive coronary artery disease in women. This notion is supported by a Table 4 Medication prescription for acute use and at patient discharge. ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; GP = glycoprotein. Table 5 In-hospital and at discharge outcomes according to gender. [22] Women were also less likely to undergo primary PCI, had longer door-to-balloon time, and a higher Killip class (3 and 4) compared with those among men. Our results are consistent with those of several previous studies. [5, 11, 14, 23, 24] and can be explained by the observation that women of older age and having more number of comorbidities are probably at a higher risk for undergoing primary PCI. The fact that women experienced a longer median time to have a coronary angiography than men could be related to the fact that women are less likely to experience symptoms of STEMI, and when they develop such symptoms, they are often present as atypical angina, which complicates the STEMI diagnosis. [15, [19] [20] [21] Finally, although female patients had higher in-hospital and 1-year mortality rates than those of males, no gender difference was observed after adjusting for age and cardiovascular risk factors. Although previous studies have shown that women tend to develop worse outcomes, the role of gender in mortality has been controversial in several studies. [3, 10, 11, 21, 25, 26] Our study has shown that women tend to have higher in-hospital and 1-year mortality rates, which is consistent with the results of most of the previous studies. [27] [28] [29] [30] This poorer cardiovascular outcome in females could most probably be related to the higher age of females and the higher incidence rates of coronary risk factors such as diabetes mellitus and hypertension, as well as the higher incidence rates of Killip class 3 and cardiogenic shock. However, after adjusting for age and cardiovascular risk factors, the difference in mortality between both genders became nonsignificant, which is consistent with the result of previous studies [15] [16] [17] [18] and further suggests the significance of age and cardiovascular risk factors in this context.
There are 3 limitations in this study. First, it is a nonrandomized and an observational study, which thus makes it difficult to determine the cause-and-effect relationships between cardiovascular outcomes and STEMI. However, the results of this study provide valuable real-world data regarding the current clinical practices across the full spectrum of STEMI, which could help improve the management of STEMI in Taiwan. Second, unmeasured sex-specific differences may also exist. The database lacks details of family history and unmeasured confounders. Therefore, caution must be exercised while interpreting our data. Third, all the patient details in this study were collected from 39 general hospitals equipped with catheterization rooms in Table 6 Multivariable-adjusted odds ratios for the association between gender and outcome. Taiwan; therefore, it is unclear how our findings can be generalized to patients in different areas. Despite some limitations, this study has 2 aspects of strength. First, the data used in this study represent > 90% of the hospitals equipped with catheterization rooms in Taiwan. This study also provides valuable real-world data regarding the current clinical practices in Taiwan. Second, the collected data are prospective and allow better observation of the results over a 1-year followup period in this study.
Conclusion
Gender disparities exist in terms of age, comorbidities, medication management, primary PCI, and in-hospital and 1-year mortality rates among patients with STEMI in Taiwan. However, after adjusting for age and cardiovascular risk factors, there was no gender difference in the in-hospital and 1-year mortality rates among patients with STEMI in Taiwan. With potential prognostic importance, these findings call for more work to evaluate the role of gender among patients with STEMI treated with primary PCI to reduce gender difference in contemporary care.
